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Tuberculosis (TB) is a major public health problem
in Taiwan and worldwide. The implementation of
the National TB Program in Taiwan in the 1950s
has resulted in a decrease in mortality from TB
from 91.6 per 100,000 in 1952 to 5.8 per 100,000
in 2001.1 However, TB notification and mortality
rates in Taiwan remain high (64.8/100,000 and
5.8/100,000 in 2001, respectively).1 Prisons in
Taiwan have been shown to have a prevalence of
pulmonary TB as high as 258.7 per 100,000 in-
mates.2 Overcrowding and poor accessibility to
proper health care in prisons may facilitate the
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Background/Purpose: An unexpected significant increase in the number of tuberculosis (TB) cases in one
hospital for mentally handicapped patients in eastern Taiwan was observed in early 2002. An active
screening program was performed to identify undetected TB cases and to investigate nosocomial transmis-
sion of TB in two hospitals for mentally handicapped patients in eastern Taiwan.
Methods: Active chest X-ray (CXR) screening followed by passive symptom screening were used to identify
patients with pulmonary TB over 2 years in hospital A and B. IS6110 restriction fragment length polymor-
phism and spacer oligonucleotide typing (spoligotyping) profiles of the isolates, clinical record of each
case, TB control policies of the two hospitals, and risk factors of nosocomial transmission were analyzed.
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were screened by CXR at the beginning of 2002. During the 2-year study period, TB was diagnosed by 
sputum cultures for 30 patients in hospital A (notified disease rate = 619 per 100,000 population per year)
and eight patients in hospital B (notified disease rate = 203 per 100,000 population per year). Seventeen
patients (56.7%) in hospital A had six cluster pattern strains, and none did in hospital B, which high-
lighted the importance of immediate expert consultation and thorough isolation of TB suspects.
Conclusion: This is the first study to prove that thorough isolation by referring patients to general hospi-
tal as soon as possible could decrease nosocomial transmission of TB in hospitals for mentally handi-
capped patients. Routine CXR screening at admission and maintaining a high alert for TB in daily practice
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ORIGINAL ARTICLE
transmission of TB in these settings. However,
the transmission of TB in mental institutes are
rarely reported.3,4
An unexpected significant increase in the num-
ber of TB cases in one mental hospital in eastern
Taiwan was identified by the Taiwan Centers for
Disease Control (CDC) in early 2002. The reported
case numbers were 25 in 1999, 31 in 2000, and 57
in 2001. Due to suspected outbreak of nosocomial
TB in the institute, Taiwan CDC organized an active
screening program for these two hospitals for men-
tally handicapped patients to identify undetected
TB cases in 2002, followed by intensified passive
case finding up to December 2003. Epidemiologic
investigation and molecular typing techniques
were applied to investigate possible nosocomial
transmission of TB in these two mental hospitals.
We report the results of this investigation.
Methods
Study population
The two hospitals are located in a small town-
ship (Yu Li), which had a population of 31,822
in December 2001.5 Both hospitals have more
than 2000 beds for long-term admission of chronic
psychiatric patients. In early 2002, chest X-ray
(CXR) screening for patients admitted to these
two hospitals was performed. The number of pa-
tients admitted to hospital A was 2423 and that to
hospital B was 1975. Among them, 2298 inmates
in hospital A and 1902 inmates in hospital B
participated in this screening activity.
A chest radiograph of each patient was taken
during the screening and read by a senior chest
physician specialized in TB. Patients with abnor-
mal shadow on chest radiographs consistent
with active TB were advised to submit three spu-
tum specimens. Sputum smears for acid-fast bacilli
and cultures for Mycobacterium tuberculosis were
performed at the mycobacterial laboratory of
Tzu Chi General Hospital (TCGH). If TB was sus-
pected, the radiograph was compared with the
patient’s previous ones, if available. All patients
diagnosed with TB received anti-TB treatment for
6 months. Due to unavailable isolation rooms,
no specific isolation procedure was done. After
the screening, intensified passive case finding of
TB suspects was carried out from January 2002 to
December 2003. Inmates who developed TB symp-
toms such as cough for 3 weeks or more, after-
noon fever, poor appetite, weight loss, and night
sweating were investigated by CXR and sputum
examinations.
All culture-positive pulmonary TB patients were
included in this study. The clinical records were
reviewed to collect information regarding demo-
graphic characteristics, signs and symptoms at the
time of diagnosis, results of laboratory and radi-
ographic examinations, whether isolation was exe-
cuted at the time of diagnosis, the transfer records
of the patients, regimen used in the treatment of
TB, and outcome of treatment. The date of diag-
nosis of TB was defined as the date of sputum
collection of the first positive culture.
Isolation policy of the two hospitals
The two hospitals managed TB suspects differently.
In hospital A, TB suspects were either moved to an
acute medical ward of the hospital or transferred to
a TB isolation ward at TCGH for further examina-
tion and treatment. The acute medical ward of
hospital A has six isolation rooms with negative
pressure and 24 general rooms without any special
ventilation system. In hospital B, TB suspects were
transferred to the TB wards of TCGH. Patients who
were referred to TCGH were admitted to isolation
rooms of the TB ward until sputum conversion.
For the purposes of this study, proper isola-
tion after onset of disease was defined as patients
who were either transferred to an isolation room
or referred to TCGH after TB was suspected.
Patients who did not meet this definition were
categorized as without proper isolation.
Management of specimens in the laboratory
Three types of culture media were used for each
specimen: a BACTEC MGIT 960 culture tube, a
7H11 agar plate, and a Lowenstein-Jensen (LJ)
slant. Identification of mycobacteria was based on
colony morphology, colony pigmentation, growth
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rate on conventional solid media, and results of
biochemical tests (such as the niacin test and ni-
trate test) or 16S PCR (Roche Diagnostics, Rotkreuz,
Switzerland). Drug susceptibility testing was done
with the proportion method.6
Isolates of M. tuberculosis were sent to the 
National Reference Laboratory of Mycobacteriol-
ogy for genotyping using IS6110 restriction frag-
ment length polymorphism (RFLP)7,8 and spacer
oligonucleotide typing (spoligotyping).9 Both
methods are specific to the M. tuberculosis com-
plex.10,11 Nontuberculous mycobacterial infection
would have negative results. A cluster was defined
as a group of two or more isolates with identical
RFLP patterns.12–14 For isolates with less than six
bands on the IS6110 RFLP analysis, spoligotyping
was used for strain differentiation.7,9
Statistical analysis
Data were entered into SPSS version 11.5 (SPSS
Inc., Chicago, IL, USA) for Windows. Categorical
variables were analyzed using χ2 test or Fisher’s
exact test where applicable. Continuous variables
were analyzed using Student’s t test. A p value of
less than 0.05 was considered to be statistically
significant.
Results
Prevalence of TB in two long-term care
facilities by CXR screening
A total of 94.8% (2298/2423) inmates in hospital
A and 96.3% (1902/1975) inmates in hospital B
participated in the screening in early 2002. Of
the 2298 patients in hospital A, 45 (2.0%) had
abnormal shadows on chest radiograph consis-
tent with TB, and of the 1902 in hospital B, 31
(1.6%) did. Five of the 45 TB suspects in hospital A
and three of the 31 in hospital B were culture-
positive for M. tuberculosis. The other 68 patients
had no active TB during the 2 years. Subsequently,
25 additional culture-positive pulmonary TB pa-
tients were notified from hospital A and five from
hospital B. During the 2-year study period, a total
of 30 (notification rate of 619 per 100,000 per
year) culture-positive pulmonary TB patients were
diagnosed in hospital A and eight (notification
rate of 203 per 100,000 per year) in hospital B.
There was no hospital personnel suspected of TB
at initial screening and no TB confirmed during
the 2 years.
Characteristics of patients with pulmonary
TB in the two hospitals
A total of 38 patients were culture-positive pa-
tients; 30 in hospital A and eight in hospital B. The
admission duration of patients in the two hospi-
tals were similar (hospital A vs. B: 9254.7 ± 5151.4
vs. 7385.6 ± 4900.2; p = 0.363). Table 1 shows the
characteristics of the 38 patients. Patients admit-
ted to hospital A were older than those in hospital
B, and were significantly less likely to be properly
isolated as compared with those in hospital B
(40% vs. 100%; p = 0.003).
Of the 30 patients in hospital A, seven (23.3%)
had isolates that were resistant to anti-TB drugs,
but none of them had multidrug resistant TB. 
Nosocomial TB transmission
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Table 1. Characteristics of patients with pulmonary tuberculosis in the two hospitals*
Hospital A (n = 30) Hospital B (n = 8) p
Age (yr) 73.4 ± 11.8 52.8 ± 11.4 < 0.001
Male 30 (100) 7 (87.5) 0.211
Immunocompromised diseases 6 (20) 2 (25) 1.0
Proper isolation 12 (40) 8 (100) 0.003
Chest X-ray (cavitation) 9 (30) 3 (37.5) 0.689
Sputum smear positive 12 (40) 5 (62.5) 0.426
Isolates resistant to ≥ 1 drug 7 (23.3) 1 (12.5) 0.660
*Data are presented as mean ± standard deviation or n (%).
Of the 30 patients, six (20%) were immunocom-
promised, including uremia (3), subtotal gas-
trectomy (1), diabetes mellitus (DM) (1), and
small cell carcinoma of the lung with DM (1). 
Of the 30 TB patients, 12 (40%) were transferred
to isolation wards when TB was suspected and
18 (60%) were transferred to the acute medical
ward without proper isolation (10 patients re-
mained not isolated even after pulmonary TB
was confirmed due to no isolation beds being
available).
Of the eight patients in hospital B, one (12.5%)
had isolates that were resistant to anti-TB drugs and
two (25%) had concurrent disease (DM). All of the
eight TB patients were transferred to TCGH when
TB was suspected.
Molecular genotyping results
All 38 patients had at least one culture available
for genotyping. In hospital A, 56.7% (17/30) of
patients had clustered pattern strains (Figure 1A).
Fourteen strains were identified as Beijing geno-
types. The fifth and sixth clusters had low copy
numbers of IS6110 insertion sequence and were
confirmed by spoligotyping (Figure 1B). In 
hospital B, all of the eight patients had isolates
with unique fingerprinting pattern (Figure 1C).
Spoligotyping revealed two Beijing strains and six
H.Y. Huang, et al
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Figure 1. (A) In hospital A, 17 isolates were classified into six clusters. The IS 9, 10 of the upper one of cluster 1 located
at closer positions. The results of BioNumerics analysis were the same. (B) The fifth and sixth clusters with low copy
numbers of IS6110 RFLP were confirmed with spoligotyping. (C) In hospital B, no cluster was found.
non-Beijing strains. There were no strains trans-
mitted between the two hospitals.
Clinical characteristics of patients 
in hospital A
Clustered and non-clustered patients showed 
similar demographic characteristics except for a
longer admission period in non-clustered patients
(clustered vs. non-clustered: 8074.2 ± 5536.1 vs.
10,798.4 ± 4325.5; p = 0.155). Two strains were
resistant to isoniazid, two were resistant to strep-
tomycin, and three were resistant to isoniazid
and ethambutol. In total, seven (23.3%) patients
each had an isolate resistant to at least one drug,
but there were no strains resistant to both isoni-
azid and rifampin. No significant difference in drug
resistance between clustered and non-clustered
groups was noted (p = 0.666) (Table 2). Of the
four isolates in cluster 2, three were susceptible
to all anti-TB drugs tested but one was resistant
to isoniazid. Of the three isolates in cluster 4,
one was fully susceptible, but two were resistant
to isoniazid and ethambutol (Figure 2). Of seven
patients, four who were in clusters died within 
6 months after the diagnosis of TB were confirmed.
There was no statistical difference in treatment
outcomes between the two groups (p = 0.698).
Epidemiologic investigation in the 
clustered patients in hospital A
The date of diagnosis for each patient in each
cluster is shown in Figure 2. New patients were
recognized over 5–13 months in the six clusters.
Epidemiologic investigation was performed on all
six clusters. Most patients with cluster pattern iso-
late did not stay in the same ward at diagnosis,
but had been transferred to an acute medical ward
repeatedly due to medical conditions. In addition,
they were frequently transferred from one ward
to another due to administrative policy. This made
it difficult to build up the epidemiologic link.
The first cluster comprised two patients from
two different wards. The first patient was an 
88-year-old man diagnosed in November 2002. He
was transferred to the acute medical ward under
the impression of pneumonia initially. Due to
acute respiratory failure, he was transferred to
TCGH, but died 2 days later. The second patient
was a 72-year-old man diagnosed in December
2002 who was transferred to the acute medical
Nosocomial TB transmission
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Table 2. Comparisons of the variables in clustered and non-clustered psychiatric patients in hospital A
Clustered group (n = 17) Non-clustered group (n = 13) p
Age (yr) 70.5 ± 13.6 77.2 ± 7.9 0.125
Male 18 (100) 12 (100) –
Immunocompromised diseases 3 (17.6) 3 (23.1) 1.0
Proper isolation 7 (41.2) 5 (38.5) 0.880
Chest X-ray (cavitation) 6 (35.3) 3 (23.1) 0.691
Sputum smear positive 6 (35.3) 6 (46.2) 0.547
Isolates resistant to ≥ 1 drug 3 (17.6) 4 (30.8) 0.666
*Data are presented as mean ± standard deviation or n (%).
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Figure 2. The date of diagnosis for each patient in each clus-
ter is shown. • represents patients with isolates that were
susceptible to all antituberculosis drugs.  represents pa-
tients with isolates resistant to isoniazid and ethambutol. 
 represents patients with isolates resistant to isoniazid.
ward. He died of acute respiratory failure 17 days
later. Both patients had been transferred to the
acute medical ward previously without time over-
lapping. Only the second patient had a positive
smear result. Both patients were not adequately
isolated while they had respiratory symptoms.
The second cluster comprised four patients
from four different wards. The first patient was a
69-year-old man diagnosed in January 2002. The
second patient was a 72-year-old man diagnosed
in September 2002. The third patient was an 
85-year-old man diagnosed in December 2002.
The fourth patient was a 75-year-old man diag-
nosed in February 2003. The second, third and
fourth patients had stayed in the same ward for 
7 months to 3 years separately before being trans-
ferred to the other wards. Only the second patient
had a positive smear result. The last two patients
were properly isolated. They were cured.
The third cluster comprised four patients from
three chronic wards. The first was a 47-year-old
man diagnosed in February 2002. The second was
a 77-year-old man diagnosed in April 2002. The
third was a 39-year-old man diagnosed in August
2002. The fourth was a 48-year-old man diagnosed
in September 2002. These four patients had lived
in the same ward for 1 month to 6 years separately
before being transferred to different wards. Only
the second had a positive smear. The first two had
proper isolation. All four patients were cured.
The fourth cluster comprised three patients
from three wards. The first patient, a 79-year-old
man, was diagnosed in December 2002. The sec-
ond, a 74-year-old man, was infected by an isolate
that was resistant to isoniazid and ethambutol
and was diagnosed in March 2003. He had been
diagnosed with pulmonary TB in February 1993.
The third, a 69-year-old man, was diagnosed in
April 2003 and infected with an isolate that was
also resistant to isoniazid and ethambutol. He
had been diagnosed with pulmonary TB in June
2001. The three patients had stayed in the same
ward without time overlapping for 1 month to 
3 years separately before being transferred to
other wards. All three patients had positive smears,
but only the first patient was properly isolated.
The third patient was cured, but the other two pa-
tients died 1.5 months later due to other causes.
The fifth cluster comprised two patients from
two different wards. The first, a 70-year-old man,
was diagnosed in March 2002. He had suffered
from recurrent pneumonia and had been trans-
ferred to the acute medical ward twice since
November 2001. The second, a 71-year-old man,
was diagnosed in April 2003. He had been trans-
ferred to the acute medical ward twice without
overlapping with the first patient. Both patients
had negative smears. The second had proper 
isolation initially. Both patients were cured.
The sixth cluster comprised two patients from
two different wards. The first, a 76-year-old man,
was diagnosed in December 2002 and was trans-
ferred to TCGH. The second, an 84-year-old man,
was diagnosed in September 2003. Both patients
had stayed in the same ward for 17 months to
2.5 years before being transferred to different
wards. The first had a positive smear and proper
isolation. Both patients were cured.
Discussion
Genotyping of M. tuberculosis has become a routine
tool for TB outbreak investigations. Standardized
protocol for IS6110 RFLP typing of the M. tubercu-
losis complex was published in 1993 and is still
used today.7 The IS6110 RFLP analysis that differ-
entiates M. tuberculosis strains has been applied,15
together with conventional epidemiologic data, to
study the transmission of TB in hospitals, prisons,
shelters and hospices.16–18 Spoligotyping based
on the polymorphism of chromosomal direct re-
gion (DR) locus help differentiate strains with
low copy numbers of the insertion sequence.7,9
In addition, it is noted that the fingerprint of an
isolate of M. tuberculosis does not change when
drug susceptibility changes.8,19 However, only two
studies on the transmission of TB in mental in-
stitutes have been reported in English.4,13 In ad-
dition, previous studies only inferred that adequate
isolation could decrease the nosocomial trans-
mission of TB. To our knowledge, this is the first
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study to show that adequate isolation (in hospi-
tal B) can decrease the nosocomial transmission of
TB in large mental hospitals.
We have shown that TB is a serious concern
among mentally handicapped patients who live
in long-term care facilities. The notification rates
of pulmonary TB of the two hospitals studied
(619 per 100,000 in hospital A and 203 per
100,000 in hospital B) are much higher than 
the rate in the general population in Taiwan
(64.8 per 100,000 in 2001).1
Controlling TB in mental hospitals may be
difficult due to several factors. Mentally handi-
capped patients are less likely to report symp-
toms or discomfort if TB develops. It is crucial for
the medical staff to be on a high level of alert so
that they can promptly identify TB symptoms.
However, medical staff in mental hospitals are
usually not familiar with the diagnosis and treat-
ment of TB, which may result in delayed diagno-
sis of TB. Furthermore, even if TB is suspected,
some inmates may be unable to produce and
collect sputum for bacteriologic examinations.
Assuming that a typical cluster of n persons
comprises one source patient with reactivated
disease and n – 1 patients with recently acquired
disease, we estimate that 36.7% (17 minus 6) of
the 30 cases were due to recent infection that had
progressed to active disease during the 2-year
study period in hospital A. Because IS6110 RFLP
analysis can only be used to analyze M. tuberculo-
sis confirmed cases, patients who became infected
but whose infection remained latent during the
period of the study were not identified. As a re-
sult, the true magnitude of the increased burden
of TB due to recent M. tuberculosis infection in
hospital A is probably underestimated. In hospi-
tal B, all eight isolates had unique fingerprints.
No evidence of recent transmission was found.
The difference between hospital A and B re-
garding patients with clustered isolates high-
lighted the importance of early identification
and prompt thorough isolation of TB suspects.
In hospital B, when TB suspects were identified,
the patients would be transferred to TB wards 
of TCGH. This practice reduced the chance of
continuous exposure of other inmates to the
source of TB infection. In hospital A, there is an
acute medical ward where patients can be iso-
lated for evaluation if they present with TB symp-
toms such as chronic cough or fever. However,
the practice of prompt isolation of TB suspects
was not consistent and the six isolation beds
were sometimes insufficient to manage all the TB
suspects if the number of patients was high.
According to the medical records, in hospital A,
10 patients (33.3%, 10/30) were not adequately
isolated even when pulmonary TB was suspected.
In two patients in the first cluster, none had been
properly isolated. In four patients in the second
cluster, only two were properly isolated. In four
patients in the third cluster, only two had proper
isolation. In three patients in the fourth cluster,
only one had proper isolation. In two patients in
the fifth cluster, one had proper isolation. In two
patients in the sixth cluster, one had proper iso-
lation. So isolates in cluster groups showed no
relation to isolation or no isolation. It is likely
that transmission occurred before patients were
transferred to the acute medical ward. Comparing
the different isolation policies of the two hospi-
tals and the results of the nosocomial transmis-
sion of TB, we inferred that transferring all TB
suspects in this kind of institute to a general hos-
pital for isolation as soon as possible is essential,
given that there is no isolation capacity in the
mental hospital.
There were some limitations in this study.
First, because of frequently different ward trans-
ference in the large institute (hospital A) due to
medical condition or administrative policy dur-
ing the long period of admission of patients
(> 10 years) and the period of the outbreak study
lasting only 2 years, we were unable to trace the
source patient, who may be dead or diagnosed
previously, so did patients in the link of transmis-
sion. It is difficult to establish the epidemiologic
linkage. Second, the virulence of isolates in the
two hospitals might be different, which could 
influence the rate of nosocomial transmission, but
we did not have enough data to make any infer-
ence. Third, the mean age of patients in hospital A
Nosocomial TB transmission
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was older than that in hospital B. Although there
was no difference in age between the clustered
and non-clustered groups in hospital A, we could
not completely exclude the confounding factor
of age between the two hospitals because older
patients might have poorer immunity. Finally,
no routine examination for HIV infection in any
of the TB patients means that we are unable to
exclude the influence of HIV on transmission
even though there is a very low HIV infection rate
in these populations.
In conclusion, this is the first study to show
that thorough isolation by transferring patients
to a general hospital for isolation as soon as pos-
sible can decrease nosocomial transmission of
TB in mental hospitals. Routine CXR screening at
admission and maintaining a high alert for TB in
daily practice are essential to prevent nosocomial
transmission. Molecular epidemiologic study can
estimate the proportion of ongoing transmission
in institutional settings. 
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